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® Method for Increasing the sensitivity of nucleic acid hybridization assays. 



©An improvement in the sensitivity of hybridization assays for detecting polynucleotide target sequences is 
provided by selective dehybridization of the bound portion of the probe, separation of the dehybridized portion 
from the support and the residual sample, and concentrating the separated probe before detecting its presence 
by means of Its reporter group. The concentration step can be can-ied out by adsorption of the dehybridized 
probe onto a basic Ion exchange material. A displacer sequence having greater binding affinity for the target 
polynucleotide sequence may be used to dehybridize the bound probe portion for subsequent concentration. 
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METHOD FOR INCREASING THE SENSITiVlTY OF NUCLEIC ACID HYBRIDIZATION ASSAYS 



\ 



FIELD OF INVENTION. BACKGROUND AND PRIOR ART 

The field of this invention involves a hybridization assay system for delecting target polynucleotide 
5 sequences in deoxyribonucleic acid (DNA) and/or ribonucleic acid (RNA) samoles. More specifically, tne 
invention is concerned with a method for increasing the sensitivity and where necessary the seiectivity oi 
the hybridization assay using labelled oligonucleotide probes to detect specific target sequences. 

Hybridization assays may be employed for the detection and identification of DNA or RNA sequences. 
Published methods as used particularly in recombinant DNA research are described in f^ethods in 
10 Enzymoiogy . Vol. 68. pp. 379-489 (1979); and Vol 65. Part 1. pp. 468-478 (1968). One such metho"d 
involving a preliminary separation of the nucleic add fragments by electrophoresis is known as the 
"Southern Blot RIter Hybridization Method." See Southern. Mol Biol. (1975) 98:503. Hybridization probe 
methods for detecting pathogens are described in U.S. Patent 4,358.539. 

There has been a recognized need for improving hybridization assays. Instead of radiolabelled probes, 
75 which can require several days for development of the X-ray film, detection by means of luminescent- 
labelled probes are claimed to have advantages. (See published European Patent Application 0 070 687.) A 
procedure for obtaining increased sensitivity from luminescent-labelled probes is disclosed in published 
European Patent Application 0 070 685. Two probes are employed, having respectively a chemiluminescent 
catalyst and anjabsorber/emitter (fluorophore) moiety. Upon hybridization to the appropriate polynucleotide 
20 target sequence, tiie light signal from the probes is shifted to a higher wavelength. This wavelength shifting 
leads to an improved and more sensitive assay system. 

As an alternative to employing long double-stranded probes resulting from recombinant DNA cloning 
procedures, srfbrt synthetically produced single-sti'anded probes have been described. (See. tor example. 
PCT Publication Number WO 84/03285), Such short probes, which normally contain from 18 to 40 
25 nucleotides, are available from Molecular Biosy stems. Inc., San Diego, Califomia. Typically, such short 
probes can be labelled with biotin, enzymes, and fluorescent reporter groups. These probes can be 
constructed complementary to a unique sequence of the target DNA or RNA fragments. Furthermore, they 
are in stable single-stranded form and renaturation cannot interfere with the assay. Short labelled DNA 
probes as described at>ove, in principle, should be useful in developing rapid and convenient non- 
30 radioisotope DNA hybridization assays. With existing procedures, concentrations of the hybridized labelled 
probe can be detected down to about 10 "'^ to 10 — '"^ moles under ideal conditions. For most of the 
potentially important clinical applications of DNA probes (infectious diseases, latent virus, genetic disorders, 
etc.). It will be necessary to have sensitivity levels of at least 10 • -8 moles and lower. With present 
techniques the inherent sensitivities possible with non-radioisotope labels such as fluorophores and 
35 enzymes are still fimited by a wide variety of problems. In the case of fluorescent labels, background 
fluorescence and light scattering from the hybridization support materials (niti^jcellulose and nylon filters, 
polystyrene beads, etc.) lead to significant loss of inherent sensitivity. In the case of enzyme labels, non- 
specific binding of the labeled probe and Interfering stains and colors from sample material can limit 
ultimate sensitivity of this label. Other problems superimposed upon those mentioned above lead to further 
40 losses of sensitivity and limit the practicality of these systems for clinical diagnostic purposes. 



SUMMARY OF INVENTION 

45 The present invention provides a method for ultrasensitive detection of reporter group-labelled DNA 
probes used in hybridization assay systems. The method is particulariy applicable to fluorescentiy-labelled 
short probes, but should also provide improvements for enzyme-labelled probes. In the case of fluorescent 
probes, greater sensitivities can be obtained than with any prior hybridization assay system, viz. as Ottle as 
10 moles of probe and below can be detected. 

50 The method of this invention utilizes a probe concentration or refocusing procedure. After the basic 
hybridization procedure has been carried out and the support maftx (nitrocellulose, for example) has been 
washed free of unbound probe, instead of attempting to detect the presence of bound probe directiy as in 
conventional systems, the probe is subjected to a dehybridization procedure. Dehybridization can be carried 
out by ti-eatment with denaturing agents (heat urea, etc.) which will release tiie bound probe from the 
support matrix and liberate it into the aqueous solution. The bound probe can also be liberated in a much 
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more selective fashion using a second DNA probe which is called a "dispiacer probe." In either case the 
liberated probe, in solution, is now concentrated or refocused by addition of a. small amount of an 
appropriate material with high affinity for the probe. 

In one preferred procedure, after dehybridization from the support matrix (nitrocellulose or nylon filters), 

5 the fluorescently labelled probe is adsorbed onto a small amount of adsorbent beads or particles having 
high affinity for oligonucleotides. For example, the adsorbent may coniprise beads of porous, crosslinked 
dextran or glass particles substituted with positively charged groups. Such adsorbents are available 
commercially and are improved substrates for fluorescent probe detection in particular. For example, anion 
exchange materials such as diethylaminoethyl (DEAE) or quaternary aminoethyl (QAE) dextran and glass 

10 beads have extremely high affinity for labelled oligonucleotide probes. This high affinity is due to the 
electrostatic or ion exchange interaction between the polyanionic nucleotide and the high positive charge 
density on the beads. These beads have been found to provide extremely low background fluorescence and 
significantly less light scattering effects than nitrocellulose or nylon filter material. Most importantly, the 
dehybridization and adsorption onto a small amount of adsorbent material concentrates (10-5000 fold) the 

75 fluorescent probe onto a substrate much more favorable for fluorescent' (epifluorescent) detection. In 
summary, the fluorescent signal is now highly concentrated, background is significantly reduced, and 
interferences from the hybridization support material (nitrocellulose filters, other sample components on the 
filters, etc.) have been eliminated. 

While the specific procedures discussed above are preferred, within the broader context of the 

20 improved method of this invention other concentration or focusing procedures can be employed. Moreover, 
the probes can be used which are labelled with other types of reporter groups (i.e.. enzymes or luminescent 
groups). With sAch modifications, improvements in detection sensitivity can also be obtained in accordance 
with the principles of this invention. 

DETAILED DESCRIPTION 

In practicing the method of this invention, the DNA or RNA test samples containing target sequences 
may prepared by any one of a number of known procedures and attached to suitable immobilization 
30 support matrix. For example, such procedures are described in Methods in Enzymology . Vol. 68, pp. 379- 
469 (1979); and Vol. 65, Part 1. pp. 468-478 (1980). U.S. Patent 4,358,539; and in published European 
Patent Applications Nos. 0 070 685 and 0 070 687. Any of the usual supports can be employed, such as 
nitrocellulose filters, Zetabind® (nylon) filters, polystyrene beads, etc 

The following is a general description of the basic procedures for canying out the hybridization of 
35 labelled short DNA probes to samples of target DNA immobilized on nitrocellulose and Zetabind«^ filters. 
With minor variations the procedure is applicable for hybridizing radioisotope (32p). biotin. enzyme, 
lumiphore, and fluorophore labelled short probes. 

40 Buffers and Solutions 

All buffers should be made with double-distilled water. Concentrated stock solutions should be diluted 
with double-distilled water. RIter. where indicated, through 0.45u nitrocellulose. 

20 SSPE BUFFER. Dissolve 210 .g NaCI. 27.6 g NaH 3^ PO ^ . H 0, 7.4 g Na EDTA. and 
45 approximately 8.3 ml of saturated NaOH (to pH 7.0). Adjust volume to one liter, filter, autoclave and store at 
room temperature. 

20 SSC BUFFER. Dissolve 175.3 g NaCI and 88.2 g sodium citrate in 800 ml water. Adjust pH to 7.0 
with a few drops of concentrated NaOH. Adjust volume to one liter, filter, autoclave, and store at room 
temperature. 
50 0.3 M HaOH. Store at room temperature. 

1 M and 2 M Ammonium Acetate, Filter and store at room temperature. 

4 X BP. Dissolve 2 g each bovine serum albumin, crystalline Pentex Fraction V.. and polyvinylpyrol- 
lidone. average mol. wt « 40.000 in 100 ml water. RIter and store at -20*C in small aliquots. 
10% (W/V) Sodium Dodecyl Sulfate (SDS).-Store at room temperature. 
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Other Materials : 

Nitrocellulose filters (Schleicher & Schuell. Keene. NH. #BA85) or Zetabind membranes (AMF. Meriden 
CT, #NM511-0l-04-5SP). 
5 Whatman 3MM chromatography paper. 

DEAE-cellulose. Whatman DE52. precycle according to the manufacturer. 

Dot blot filtration apparatus (HYBRI • DOr"^. BRL Bethesda, MD: Minifold II, S & S Keene NH- 
BIODOT™, Bio-Rad Laboratories. Richmond, CA.) 
Water baths. 
70 Vacuum pump. 
Vacuum oven. 

Automatic micropipets and tips. 
Disposable tubercuDn syringes (1 ml). 
Glass wool. 

IS 

Sample Preparation 

The method of fixing target DNA to nitrocellulose filters will vary depending on the source of the 
sample. Purified DNA may be bound by filtration by Southern blotting, by Dot blotting. Virus-infected whole 
cells can be fixed to nitrocellulose by spotting followed by denaturation. 

The fotlowftig procedure is suitable for binding the DNA to nitrocellulose filters, it should be modified 
according to the needs of the individual experiment The following steps are performed at room temperature 
unless indicated otherwise. 

NOTE: Nifocellulose and nylon filters should be stored in a dry cool place and protected from' fumes of 
organic solvents. Handle the filters with gloves. 

1. Cut the nitrocellulose or nylon to fit the dot blot apparatus and wet the filters in hot (approximately 
60*C) sterile water. Make certain that the sheet is completely wet then rinse it several additional times with 
hot clean water. 

30 2. Soak the sheet in 6 x SSC buffer while preparing the samples. 

3. Resuspend DNA in 0.1 ml 0.3 M NaOH and boll for 5 minutes. 

4. Immediately chill the sample in ice and add 0.1 ml 2 M Ammonium Acetate. Mix well. 

5. Clamp sheet in the dot blot apparatus, apply a gentle vacuum and wash the wells with 200al 6 x 

SSC. 

35 6. Decrease the vacuum and add the sample. A sample should take several minutes to filter in order 

for the DNA to bind quantitatively. 

7. After the samples have filtered through, wash the wells as in Step 5. 

8. Remove the filter from the apparatus, wash it in 6 x.SSC. and air dry. 

9. Place the filter between the folded sheets of Whatman 3MM paper and bake in a vacuum oven for 
40 one hour at 80'C. Nylon support shouW be dried for 15-30 minutes at 80»C. 

10. Rlter sheets prepared thus may be stored dry at 4"C in sealed plastic bags. 
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Hybridization Detection 

1. Prehybridize the filter in 5 x SSPE. 1 x BP. and 1% SDS for 5 minutes at 50» t 2-C. 

2. Transfer .the filter to a boilable polyethylene bag. add SOul per cm^ of 5 x SSPE, i x BP. 1% SDS 
containing - 5-500 ng/ml of appropriately labelled probe and heat-seaJ the bag. Incubate for 30 minutes at 
50* t 2'C with gentie agitation. 

3. After the incubation, open the bag and discard the buffer into an appropriate waste container 
Wash ttie filter as follows, using a large excess of 1 x SSPE, 1% SDS; three times at 37-C for five minutes 
each followed by one wash at 50»C for one minute. 

4. At this point different procedui-es can be carried out depending upon the nature of the label and 
detection system (radio isotope, enzyme/color dye system, etc.). With regard to the further teaching in this 
patent application and in reference to fiuorescently labeled probes in particular, the filters would be washed 
one time witii 1 x SSPE At this point procedures discussed later in the application apply. 

The probe is designed and selected to provide a complementary sequence for binding to the target 
DNA or RNA sequences. Short-chain probes are prefen-ed. such as those containing' from 10 to 50 
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RNA L«n„r?' K y "'"P'^"^^"'^^ to a characteriang sequence of the target DNA or 

RNA. Longer probes such as probes containing in excess of 200 nucleic acid units may contain a plurallN 
of complementary sequences. Such long probes may be used to obtain some of the advan aoes of 2 
present invention. Probes prepared by nucleotide synthesis which contain from 18 to 30 nucle c acid IS 
5 are particularly desirable. Methods tor synthesizing and labelling such short probes are desclS i„ 
published PCT Application WO 84/03285. "^s are aescribed m the 

As in prior practice, any one of a number of different kinds of reporter groups or labels may be attach«rt 
0 the probes. Radioactive labels which may be employed include »P. 3h. C labelled probes How^C!? 
labels generating some fluorescent or colorometric response are preferred, as described in the'oubZ^L" 
« European Patent Application 0 070 687. In particular. It is preferred to employ fluorescent 

Fluorescent labelling Is described in PCT Publication No. WO 84/03285. The fluorescent liTm» • . ^ 
fluorescein. Texas Red. Lucifer Yellow. py,«ne. lanmanide complexes, etc. Z p^o^ ?s 

containing a single fluorescent label attached to a complementary sequence of 18 to 30 nucleic a^dlnTf 
However, the use of two or more fluorophore labels per probe is not excluded, particular^ 
75 fluorophore combinations effect a condition for improved detection of fluorescent signal 

The novel steps of the present invention begin following the hybridization and removal of the unbounn 
probe from the Initial support matrix (nitrocellulose, etc.). In the event that the conceSlSion ? 
hybndized probe Is sufficient to provide appropriate selectivity and sensitive detectio^e mSd of 
present Invention need not be employed. ""«ion. me method of the 

f,n JHf >• °' "'^ methodology involves the dehybridization of the labelled probe 

from the -mbal support matrix. Dehybridization may be effected by known denaturation procedurS^ SScS 
cause double-sthmded nudeic acids to separate into singl^stranded fom,. For example. dehJbridi^ioJ 
may be earned out by heating the support matrix:target DNAmybridized labelled probe in a small amount of 

generaL effecbye denatunng temperatures (also called melting temperatures) are In the range from 60- to 
Z.^ required temperature depends on the length and -GC (Guanine & Cytosino) content of the 
probe. In an alternative procedure, an appropriate buffered solution containing a denaturing agent such as 
?y S9P?r^rf '^J^ f^l "^'^ dehybridization of the probe. For example, a 6 molar urea (O.iX - 
IX 55PE or SSC) solution Is etfectve in dehybridizing the probe at room temperature (20'-30*C) A varietv 
olnlTiir^^rK ""''"9 dehybridization of the probe from (he support M 

general, selection Is based on the ease and speed of the procedure and the important requiremenfttTat 5 
not interfere or inhibrt the second stage of the process. i.e. were the labelled probe is adsorbed and 
concentrated onto a suitable material for detection. « uou ana 

M of til ^ht'«!7^l'T^«'* *° "^"^ P'^^*'"'"^ «'"P'oyed. the dehybridization 

SrJS-H r ^^J' ^^"^ °' " ■'"'P"^^' P™'^-' '^^P'^^^ ^"'Prises a single- 

stranded oligonucleotide sequence including the same sequence as the labelled probe with an additional 
sequence on one side, the additional sequence being complementary to a corresponding sequence on the 
terget strand to which ttie probe Is bound. The additionaJ sequence should be of sufficient length to enable 
ttie displacer to preferentially bind to the target sequence near the probe and then efOciently displace the 
prow, por example, the additional sequences may contain from 10 to 20 nucleic acid units and may be 

hi nflf? ^ "^"^ of »P«=«««: example, where the 

hybndized labelled-probe contains from 18 to 30 nucleic acid units, the displacer may correspondingly 

contain from about 28 to 50 nucleic acid units. Longer displacer probes can also be employed. 

In usir^ the displacer. it may be applied in aqueous buffered solution to the hybridized probe. For 
™nL.r* '"PP*"***' hybridized probe may be Immersed In a solution of the displacer. The typical 
concentrations will range from about 1 x 10 - to 1 x 10 - " moles of the displacer per 50 microliters of 
solution (0.1 to 5.0 x SSPE or SSC). The displacement may be carried out at room temperatures (viz. 20- 
r^^- « ^° conditions employed are optimized to allow effident 

« 5 ♦''^•^''P'a"' probe/dehybridization of the labelled prDbe. and as minimal leadiing of non- 

so specific bound labelled probe as possible. 

This displacement procedure has a further important advantage in that rt increases selectivity. During 
hxbndization some of the labelled probe may have become bound to components of the sample other than 
►1^^*L**''"®"°** extraneous binding has occured. a false positive indication can be 

obtained if the non-spedfically bound labelled probe is detected in the sample. By using the displacer. 
55 however, displacement occurs for only that portion of the probe specifically hybridized to the target 
sequence. Thus, the displacer probe gives double specificity to the assay procedure 

With the preferred procedures described above, the bound labelled probe can be dehybridized from the 
support matenal and obtained in the form of an aqueous solution. Direct detection of the labelled probe in 



20 



25 



30 



40 



4S 



5 



0 269 764 



70 



IS 



20 



the aqueous solution is usually not feasible because the concentration of the labelled probe is Byir^m.i. 
low. However by concentrating and focusing the dehybridized probe, it can be effectively detSd « 
concentrations down to 10 -'B moles and below. oexeaeo at 

In one preferred procedure, the dehybridized probe is adsorbed from the solution onto an anion 
exchange matenal which provides positively charged groups for binding the probe. Weak 
exchange matena^s containing substituted amino groups may be employed as well as strongly basic an un 
exchange matenals with quatemanry amino groups. 

It is presently believed, however, that quaternary amino type materials are the most desirable 
Anion exchange materials suitable for use in the method of this invention are available commercially 
Such matenals can be prepared from substrates comprising cross-linked dextran or glass. Such materials 
are usually ,n the fom. of porous beads or granules of ultr^-fine particle sizes (viz. 50-200 micron diameter 
Anion exchange materials based on cross-linked dextran are available from Phamiacia (Uppsala Sweden ' 
These products are in the fom, of small, generally spherical beads with varying degrees of porositt 
depending on the extent of cross-linking of the dextran. Quatemary amino beads are sold by Ph^a 
under the trademark "QAE-Sephadex." The quatemary groups are attached to the de;^ subSr as 
quatemary ammo-ethyl groups. Other amine-type beads are also supplied by Pharmacia unde t^a 

"""'ZT "r'ntSf'f .'"'^n^™'^"'^ diethylaminoethyl g'nJups attLhedTrdeS 

While either DEAE-Sephadex or QAE-Sephadex can be used with the method of the present invention 
It is pmsentV believed that -QAE-Sephadex- is preferred. Further, a presently prefeJed adsoTnris 
QAE-Sephadex A-Z5.' which is more highly cross-linked dextran substrate than -QAE-Sephadex A-50 - 
sil^l« Z':^? "^ resects swelling of the beads and this is believed advantageous since an essenSly 

in^r K 1 PT'"' °' P^''^"* P«"««ration Of the probe 

into the beads » not objectionable. Typically, the Sephadex beads may have average sizes of around 100 



microns 

25 



H ".i '^'[If ^""^^^ ^ dehybridized probe as described above, it Is desirable that the 

adsorbent be'tomed of a substance which does not interfere with the fluorescent analysis. Fortunately It 

rl,T r '^'^^ '^^^ 9'^ '^^^ ''^^^ bkSS^ouni 

properties with reference to fluorescent analysis. Neither the dextran nor the glass interfered with the 

so SffS.^" ^ ''^ tow background fluorescence and produce minimal light scattering 

««nh?„™«^T ^^f^ ^"^"'^'^ ^^'^^ properties, being either weak ion 

exchangers with attached amine grt)ups or strong ion exchangers with attached quatemary amino onDuos 
For example, such products can be obtained from Pierce Chemical Company. Rockford. Illinois. The size of 
2.n5«?^?l°'' range from about SO to 200 microns. T7,is type of pnxJuct is sometimes referred to as 
controlled pore glass." Diethylaminoethyl pEAE) controlled pore glass is available from Pierce Chemical 
^^i^Z as qumemary aminoethyl (QAE) controlled pore glass. One specific product which may 
be employed is sold by Pierce as Product No. 2351 4 CPG/QAE Glycophase Pore Glass 

For use in conjunction with fluorescent detection equipment, such as an epifluorescent microscope it 

TZ^ t^^T^ ^r^^u °' ^P''^ P~^«^« « surface that' is 

suitable for binding the dehybridized probe. Amine groups can be attached to the silica glass by a 
silanlafion pnxess. See. for example. Uwe and Dean. "Affinfty Chromatography, pp. 217 and 256 (1974) 

itlYt' * ^ ^ '""""^ ^ form of primary amine 

grwips. By welHcnown procedures, such primary amine groups can be easily converted to secondary 
tertiary, or quatemary amino groups. 

To achieve effective concentration of the dehybridized probe. It is preferred to use minimal amounts of 
n^!!'^ Forexample. employing Sephadex QAE-A25 beads (-100 micron diameter). It will usually be 

u"fi ^ '° *° ^ °' ^ ^'"^ *° '^'^ P«"» ^ 20-50 ul of solution (probe 

onginalhr hybridized to a two millimeter diameter sample dot on a nitrocellulose filter). Usually about 50% or 
more of frie tebened probe can be adsorbed onto the beads in less than one hour. In the case of using lO 
STflt^'ii? ° . ~"'=«'«^3«<'" Of labeled probe is achieved in moving it from the 2 millimeter 
nitrocellulose sample dot (area -1 • 10 * square microns). With the probe in a 50 ul volume (5 x lO'o 

'° ^° <^ '""="'"81 produces a 5000 fold concentra- 

T,n ^ ^LIT" ? 9'"^'^- ^ ^^'^ ^ of beads or surface area the probe is 

f "^-T ""'^^'^^ for any giv^n number of beads there is a limitation of the probe 

!^h« « / " °' "^rezses. Since the adsorbent materials are ion- 

.^mL^L"*"^ P'""^ """^^"^ ^ 0' solutions increases. 

Oierefore soimions should be kept as diluted as possible ( 0.4 M NaCi and < 0.02 M for phosphate and 
citrate buffers). In general, extremes of temperature of pH should be avoided with regard to adsorption of 
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labelled probe to beads. Temperatures higher than -40 and pH's lower than 5 should be avoided in 
particular. 

It is within the scope of this invention to employ other methods for concentrating and/or increasing the 
transfer rate of the dehybridized probe to adsorbent materials. For example, the solution containing the 

5 probe may be concentrated by evaporation, floccuiation or precipitation. These and similar procedures can 
result in concentration and focusing of the dehybridized probe permitting improved fluorescent analysis. 
With regard to increasing or improving the transfer rate of labelled probe in solution to the adsorbent 
material, general procedures include agitation and mixing of the adsorbent beads with the labelled probe 
solution or the flowing of the labelled probe solution through an aggregation of the adsorbent material in a 

70 small orifice. Also, it is possible to eiectrofocus the labelled probe onto a small area using microelec- 
trophoresis. 

After the dehybridized probe has been adsorbed and concentrated, such as on the adsort^m beads 
described above, it can be examined by standard procedures for detecting the particular label or reporter 
group associated with the probe. Where the probe, as preferred, is labelled with a fluorescent group, the 
T5 beads may be examined with an epifluorescent microscope or other fluorescent analysis system designed 
for ultrasensitive detection. Usually the analysis and quantitation takes only a matter of minutes for a given 
sample. 

The method of this invention can be further understood in relation to the following examples. 

20 

EXAMPLE I 

J 

The following example demonstrates the advantage for detecting fluorescent probes concentrated onto 
suitable materials, like Sephadex QAE A-25 beads* over observing the same probe bound to nitrocellulose 
25 filter material. ,TTie fluorescent probe used in these experiments was a 22-mer sequence specific for a 
genomeric target sequence present in Herpes Simplex Virus (HSV). The probe was labeled with a Texas 
Red fluorophore group having an excitation and emission maxima at 596nm and 620nm respectively. The 
labeled probe was designated TR-HSV . and the sequence and position of the label are shown below: 

30 TR 

/ 

5 ' -CCCGAGCCGAyGACTTACTGGC-3 • 



The first experiment Involved the epifluorescent analysis of the TR-HSV probe bound to nitrocellulose 
filters. A 10-fold dilution series of TR-HSV probe ranging from 2 x 10 - to 2 x 10 mole per 

microliter of IX SSPE buffer was prepared. One microliter of each dilution was adsorbed onto nitrocellulose 
filter material forming a 2-3 millimeter diameter spot. A control spot of luL of 1 x SSPE (no probe) was also 
prepared. The spots were now analyzed by using a photon counting epifluorescent microscope filtered for 
Texas Red fluorescence (Ex - 550nm; Em - 630nm). The fluorescent signal from each sample spot was 
counted (EG&G Photon Counting System) for one second (each sample spot was counted twice). Results 
for the analysis are shown in Table I. Since only 1/10 the area of each spot was analyzed (lOx microscope 
field), samples 1 through 7 range from 2x10--Mo2x10-'5 mole in actual TR-HSV probe 
concentration. 
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TABLE I 

TR-HSV Probe/Nitrocellulose Filter 
Sample TR*HSV (mole)* Avg. Counts (1 second) 





1 


2 X 10 


1.5 X 10^ 


70 


2 


2 X 10"'^^ 


157.429 ' 




3 


2 X 10"^^ 


27,918 




A 


2 X 10"^^ 


26,2A6 


75 


5 


2 X 10'-^^ 


21,155 




6 


2 X 10"^^ 


' 22 , 100 




7 


2 X 10"^^ 


23,397 


20 


Control 




22,399 



^Concentration in area observed 

The results irf. Table I show that fluorescence from the TR-HSV probe can be detected down to about 2 x 
10 — mole (sample 4) on nitrocellulose filter material. 

The second experiment involved the epifluorescent analysts of the TR-HSV probe bound to QAE- 
Sephadex A-2S beads. A 10-fold dilution series of TR-HSV probe ranging from 4x10-'* to 4x10^*7 
mole per 10 microliters of 1 X SSPE buffer was prepared. Approximately 1000 QAE-Sephadex A-25 beads 
(previously swollen in 1 X SSPE buffer) were added to each of the sample dilutions. A control sample of 
beads with no TR-HSV probe was also prepared. The samples were allowed to stand for about one hour 
with intermittent gentle agitation. Samples were then analyzed using the photon counting epifluorescent 
microscope. In this experiment, the fluorescence from individual beads in each sample were counted. The 
results in Table 2 are the average counts (one second) from two beads in each sample counted twice. The 
results are given in terms of TR-HSV concentration per bead, i.e., it is assumed most of the probe has 
adsorbed evenly to alt the beads in the sample. 

TABLE 2 

TR-HSV Probe/QAE-Sephadex A-25 
Sample TR-HSV (mole) /bead Ave. Counts (1 second) 



45 


1 


4 X 10-^^ 


9 X 10* 




2 


4 X 10'^^ 


645,867 




3 


4 X 10"^^ 


43.229 


50 


4 


4 X 10"^' 


15.614 




5 


4 X 10"^^ 


13.581 




6 


4 X 10"^' 


5,429 


55 


7 


4 X 10-20 


4.782 



Control ^.320 
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The results in Tabte 2 show that fluorescence from the TR-HSV probe at 4 x 10 - = o mole per bead still 
has counts significantly higher than the control beads (no probe). 

The third experiment is basically a complete repeat of the second experiment The results are given in 
Table 3. 

TABLE 3 

TR-HSV Probe/QAE Sephadex A- 2 5 



25 



10 


Sample 
1 


TR-HSV (mole) /bead 


AvR. Counts 


4 X 10'^* 


1 X 10^ 




2 


4 X 10"^^ 


1 X 10^ 


15 


3 


4 X 10-" 


85,939 




4 


4 X 10"^^ 


17.022 




5 


4 X 10-" 


13.627 


20 


6 


4 X 10"^^ 


10.182 




7 ' 


4 X 10-^° 


8,082 




Control 




7,341 



The results in Table 3 show again the fluorescence from the TR-HSV probe at 4 x 10 " ^ mole per bead 
has counts significantly (-10%) higher than the control beads. The higher counts for control beads in 
experiment 3 (7,341) compared to experiment 2 (4.320) are due to the higher excitation intensity used in 

30 this experiment _ , . , . . . 

In summary. TR-HSV probe can be detected down to about 4 x 10 " ^ o mole on a single bead of 
QAE-Sephadex A.25 by epifluorescence analysis. On nitrocellulose filter material it can be detected down to 
only about 2 X 10 - *t mole. 



35 



40 



45 



EXAMPLE II 

In further experiments similar to those described in Example 1 it was demonstrated that another type of 
fluorescent probe (Ruorescein labelled) can be concentrated and more favorably detected QAE- 
Sephadex A-25 beads. Also, It is shown that other supports, such as QAE Controlled Pore QIass Beads, 
woric favorably* 

The first experiment involves the epifluorescent analysis of a fluorescein labelled HSV probe (F-HSV) 
bound to Zeta Bind (nylon) filter material. The F-HSV probe is exactly the same as the TR-HSV probe 
except for the different fluorophore label. The fluorescein label has Its excitation and emission maximum at 
.490nm and -520nm respectively. The experiment with F-HSV probe adsorbed to Zeta Bind was earned 
out exactly like the first experiment in Example I. However, the Photon counting epifluorescence microscope 
was filtered for fluorescein fluorescence (Ex - 450 nm. Em - 520 nm). Results for the analysis are shown in 
Table 4. 
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TABLE 4 

F-HSV Probe/Zeta Bind Filter 
F-HSV (mole)* 



6 X 10' 
6 X 10 
6 X 10 



-13 

.-14 
-15 



6 X 10 



-16 



Av p ;. Counts (1 second) 
843.568 
200,248 
55,914 
45.587 
47,675 



★Concentration in area observed. 

_fi V in - 'S mole of probe is just distinguishable 
^ The results from Table 4 show that fluorescence at -6 x 10 mole P 

from the corrtrol sample. , ■ „„ifh,nrBscent analysis of the F-HSV protw bound to QAE- 

Example l. Results for the analysis are shown in Table 5. 



25 



30 



35 



40 



45 



50 



^ ' TABLE 5 

F-HSV ?robe/QAE-Sephadex Beads 
Sample F-HSV imolei/bead ^'^'^''^ <^ 

1 
2 
3 
4 
5 

; 6 
Control 

"^^^"^ - » TR.HSV p^b. « ^-HSV ^ b ™~ *»c»W. 

on OAE-SWW*. A-25 »«B «" 2«B "^SToI TB-HSV IXOM t»ml 1. OAE-Oo«o«ed 

analysis are shovm in Table 6. 



7 




10^ 


7 


X 10-^5 


2 X 10^ 


7 


X 10-" . 


136.736 


7 


X 10-17 


56.924 


7 


X 10-" 


31,401 


7 


X 10-19 


32,194 






27.507 



55 
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TABLE 6 

TR-HSV Probe/QAE-Controlled Pore Glass Beads 

s Sample TR-HSV Probe/Bead Avg. Covmts (1. second) 

1 4 X 10"^^ lo' 

2 4 X 10"^^ 2 X 10^ 
'0,3 4 X 10"^^ 179,131 

4 4 X 10'^^ 51.797 

5 4 X 10"" 20.454 
" 6 Ax 10'^^ 16.897 . 

7 4 X 10*2° 15.497 
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Control — 11,930 

The results from Table 6 show that TR-HSV probe is detectable to the 4 x 10« mole level on individual 
QAE-ControlledlPore Glass beads. 

EXAMPLE 111 , 

The experiment described below demonstrates that fluorescent probe actually hybridized to a target 
DNA sequence Immobilized on a polystyrene bead support material (not suitable for fluorescent analysis) 
can be dehybridized and concentrated onto QAE-Sephadex A-25 beads for epifluorescent ana^sis. In th.s 
experiment the TR-HSV probe used was also labelled with wphosphorous radioisotope P»P). Thus a 
comparison could be made between the fluorescent and radioisotope level of detection. 

using one milfigram samples of polystyrene beads (-1-2 micron diamter. substituted with a com- 
plementary target sequence), a 10-fold dilution series of ^P-TR-HSV probe ranging from -1 x 10 -J to -1 
X 10 - '8 mole in SOul of 5X SSPE hybridization buffer were pre pared (control sample contained no 
probe) The samples were hybridized for 30 minutes at 40«C. then centrifuged and supematent removed. 
The samples were then washed three times with 5X SSPE After the final wash and removal of supernatant. 
lOiil of ewi Urea (IX SSPE) was added to each of the samples in order to dehybridlze the probe from me 
support Oehybridization was carried out for about 30 minutes at room ten^Peratt"™. At tt«8 PO"nt the 
polystyrene beads were separated from the solution containing dehybridized "P-TR-HSV probe by 
centriLation. To this solution between 20 to 30 QAE-Sephadex A-25 beads were added The dehybn^zed 
probe was allowed to adsorb to the QAE-Sephadex beads for about 30 minutes. At this point the QAE- 
Lphadex A-25 beads were separated from the solution. TT,e beads (all 20 to 30) °" » 

scintillation counter (one minute counts) to detem^ine level of probe finally transferred to the QAE-Sephadex 
A-2S beads by radioisotope method. After scintillation counting individual beads were counted on the 
photon counting epifluorescent microscope to determine sensitivity by fluorescence. The results for each 
type of anlaysis are shown in Table 7. 
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TABLE 7 

^^P-Tr-HSV Transfer to QA£-Sephadex 

5 

Total Cone. 32p ^^^Xtt-^RSV Fluorescent 

Sample P-Tr-HSV Probe Counts . Cone, per bead Counts (1 sec.) 

,Q 1 ^6x10'^^ 7460 *3 X 10'^^ 104,572 

2 ^6 X 10"^^ 951 ^3 X 10~^^ 28.847 

3 ^6x10"^^ 159 .3x10"^® 13.704 

T5 4 ^6 X 10'^^* 43 .3 X 10'^^ 13,170 . 

5 .6 X W^^* 40 .3 X 10"^*^ 10,227 



Control 44 8.900 



25 



20 

♦extrapolated 

The results in Vable 7 show that about 6 x 10 - - ^ mole of '^sp-TR-HSV probe transferred to QAE- 
Sephadex beads could be detected by radioisotope counting (^P. i minute count) before control or 
background level is reached (-44 counts). Fluorescent counts were found to be above the control, through 
the whole sample series 1 -♦S. When considered in terms of individual beads, on the order of 10 " 
mole of 32p.TR-HSV probe was detectable. 

^° EXAMPLE IV 

The following experiment demonstrates the usefulness of a so-called "displacer probe" in effecting the 
dehybridization of a fluorescence labelled probe hybridized to target DNA Immobilized on a support 
material. 

In this experiment 32p-TR-HSV probe was hybridized to plasmid target DNA (pHSVIOS) immobilized 
onto nitrocellulose filter material. The pHSV106 ptasmid DNA was immobilized onto the nitrocellulose filter 
using the Hybrid-Dot apparatus and experimental procedure described eariier in this patent application. The 
concentrations of pHSVlOB plasmid DNA in each "dot" (-2 millimeter diameter spot) were 1) lOOng: 2) 10 
ng. 3)^1 ng, 4)100 pg, and 5) control (non-target DNA). szp-TR-HSV probe was hybridized to the pHSVl06 
target .dots by the procedures discussed eariier in this application. After hybridization and appropriate 
washing, the level of ^ap.jR-HSV probe hybridized to each "dot" was measured by a scintillation counter. 
The results are given in Table 8. After counting, the dehybridization procedure was carried out using a 
specific displacer probe for the ^^p-tr-HSV probe. The sequence of the displacer probe is given below: 
y-CCCCCAGCACC TGCCAGTAAGTCATCGeCTCGGG- 3' 

The portion of the displacer probe underiined is identical to that of the ^P-TR-HSV probe. Dehybridization 
of 32p.TR.HSV/pHSVl08 target DNA nitrocellulose "dots" was canied out by treating each one of the 
sample "dots" with SOol of IX SSC buffer solution containing approximately lOOng of the displacer probe 
for 30 minutes at -25*C. The nitrocellulose filter "dots" were then separated from the solution and each 
solution and "dot" sample was counted on the scintillation counter. The results are given in Table 8. 

so 
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TABLE 8 
Displacer Probe Experiment 



2nd counts (1 min) 
Sample . 1st Count (1 min.) after After Displacer Probe 
(PHSV106) Hybridization & Wash Filter "Dots^ Solution 



1 


lOOng 


39.672 


5.969 


32.353 


2 


lOng 


5,805 


1.347 


4,296 


3 


Ing 


1,702 


1.113 . 


754 


4 


lOOpg 


1,543 


1,10$ * 


706 


5 


None 


1,296 


1.210 


198 



The results in Table 8 show that the "displacer probe" treatment has successfully dehybridized the mp-TR- 
HSV probe from the pHSViOS target/nitrocellulose filter "dots." 



Claims 

1. The hybridization assay method for detecting a specific polynucleotide target sequence wherein a 
nucleic acid containing target sample in single stranded form is affixed to a support contacted thereon 
under hybridizing conditions with a reporter group-labeled single-stranded polynucleotide probe having a 
sequence complementary to the target sequence, at least part of said probe being bound to said affixed 
sample when the target is present, said probe hybridizing with said target sequence, then removing the 
unbound portion of said probe from said support, and detecting the presence of said probe by means of its 
reporter group, wherein the sensitivity of the assay is increased by employing the additional steps 
comprising: 

(a) after removal of the unbound portion of the probe, dehybridizing the bound portion: 

(b) separating the dehybridized portion from the support and the residual sample; and 

<c) concentrating the dehybridized separated probe before detecting its presence by means of said 
reporter group. 

2. The method of claim 1 in which the dehybridized portion of the probe is concentrated by adsorption 
from an aqueous solution onto a basic anion exchange material binding said probe. 

3. The method of claim 2 in which the anion exchanger functional groups are quaternary amine groups. 

4. The method of claim 3 In which said anion exchange functional groups are provided on a substrate 
selected from cross-linked dextran or glass. 

5. The method of claim 1 in v^ich the bound labelled probe portion is dehybridized by contacting the 
supported sample with a displacer probe comprising a single stranded polynucleotide sequence including 
the same sequence as the labelled probe with an additional sequence on at least one side thereof 
complementary to the corresponding sequence on the target sequence to which the labelled probe is 
bound, said additional sequence being of sufficient length to cause said displacer to preferentially bind to 
said target sequence and subsequently displace said labelled probe therefrom. 

6. The method of claim 1 in which said probe comprises a sequence of 10 to 50 nucleotide units and 
has a reporter group attached thereto, and said prot>e is concentrated on said anion exchange material 
before detecting its presence by means of said reporter groups. 

7. The method of claim 6 in which said anion exchange material comprises an adsorbent substrate 
selected from cross-linked dextran or glass with substituted amino groups attached thereto, and is in the 
fomn of generally spherical beads. 

8. The method of claim 6 in which said probe is labelled with a fluorescent reporter group. 

9. The method of claim 6 in which the bound probe portion is dehybridized by contacting the supported 
sample witin a displacer comprising a single-stranded polynucleotide sequence including the same se- 
quence as the probe with an additional sequence on at least one side thereof complementary to tiie 
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corresponding sequence on the same side of the target sequence to which the probe is bound, said 
additional sequence being of sufficient length to cause said displacer to preferentially bind to said target 
sequence and displace said probe therefrom. 

10. The method of claim 6 in which the bound probe portion is dehybridized by contacting the 
supported sample with a displacer comprising a single stranded polynucleotide sequence including the 
same sequence as the probe with an additional sequence on at least one side thereof complementary to the 
cooesponding sequence on the same side of the target sequence to which the probe is bound, said 
additional sequence being of sufficient length to cause said displacer to preferentially bind to said target 
sequence and displace said probe therefrom. 
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